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Abstract Aims/hypothesis. Recently a mutation in the coding sequence of the adipocyte specific isoform peroxisome proliferator-activated receptor g2 (PPARg2) was described, leading to the substitution of Proline to Alanine at codon 12. Mutations in PPARg2 could have a role in people who are at increased risk for the development of obesity and Type II (non-insulindependent) diabetes mellitus.
Methods.
Non-diabetic first-degree relatives (n = 108) of subjects with Type II diabetes were characterized by oral glucose tolerance tests and euglycaemic hyperinsulinaemic glucose clamp to determine insulin sensitivity. Results. We found 75 (69 %) probands without the PPARg ProAla12 substitution, 28 heterozygotes (26 %) and 5 (4 %) homozygotes. When the whole group was analysed for an association between the mutation and insulin sensitivity, no statistical significance could be shown. Only in the group with severe obesity more than 30 kg/m 2 , an association (p = 0.016) of the polymorphism with an increase in insulin sensitivity was found. Conclusion/interpretation. These observations suggest that the mutation in the PPARg2 molecule may have a role in subgroups prone to the development of obesity and Type II diabetes. [Diabetologia (1999) 
42: 758±762]
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of Type II diabetes in first-degree relatives is associated with an increased risk for the offspring [5] . We therefore examined the prevalence of the codon proline 12 alanine (Pro12Ala) mutation in young healthy non-diabetic first-degree relatives of subjects with Type II diabetes who underwent extensive metabolic phenotyping. In contrast to unselected diabetic groups, sorting out homogenous sub-groups of subjects based on subphenotypes should increase the probability of detecting or excluding an influence of the codon Pro12Ala mutation in PPARg2 on quantitative traits.
Subjects and methods
Probands. We examined 108 (48 male, 60 female) first-degree relatives of Caucasian subjects with a history of Type II diabetes. The study participants were recruited from a study launched at the department of endocrinology at the University of Tübingen for the early diagnosis in families with a history of Type II diabetes. All probands had given written consent to their participation. The study was approved by the local ethics committee and it was carried out in accordance to the Helsinki guidelines.
Methods. Insulin sensitivity was determined by euglycaemichyperinsulinaemic glucose-clamp as described elsewhere [6] and expressed as clamp-derived glucose metabolic clearance rate (MCR) expressed as virtual blood volume cleared from glucose per min and kg body weight (ml´kg ). Metabolic clearance rate was also calculated in relation to lean body mass. Body composition was measured by bioelectrical impedance as percentage body fat. Glucose tolerance was determined by an oral glucose test with 40 g glucose/m 2 to adjust the amount of glucose given to the body weight of the probands. Determination of insulin was done with an enzyme immuno assay (IM c Insulin, Abott Laboratories, Chicago, Ill., USA) and C peptide was measured by radioimmuno assay (RIA-coat C Peptid, Byk-Sangtec Diagnostica, Dietzenbach, Germany). Body mass index was calculated as weight divided by the square of height (kg/m 2 ). Relative rates of insulin secretion (insulin secretion rate, ISR) during OGTT were calculated from plasma insulin and C peptide concentrations using the algorithm described previously [7] . This method allows an estimation of the rate of appearance of newly secreted insulin.
The PPARg2 Pro12Ala polymorphism was determined by PCR and subsequent restriction enzyme analysis with BstU-I [3] .
For statistical analysis, differences of the means of variables were tested by t-tests or analysis of variance (ANOVA) if more than two groups were compared. Longitudinal data of the OGTT's were tested by multivariate analysis with time as an effect of repeated measures (MANOVA). All statistical tests were done with the JMP software (JMP Version 3.2.1, SAS Institute Inc., Cary, N. C., USA). To exclude the possibility of bias, all tests were also done on randomly choosen subgroups of the sample. All tests were two-sided and a p value of less than 0.05 was considered as statistically significant.
Results
We found 75 (69 %, 95 % confidence interval 61 %±78 %, 30 men, 45 women) probands without the PPARg Pro12Ala substitution, 28 (26 %, 95 % CI 18±34 %) heterozygotes (15 men, 13 women) and 5 (4,6 %, 95 % CI 1 %±8 %) homozygotes (3 men, 2 women). The allele frequency of the mutated allele was 17 %. The expected genotype distribution was in the Hardy-Weinberg equilibrium with expected frequencies of 67 %, 28 % and 3 %. The frequency of the mutation did not differ in probands with body mass indices above and below 30 kg/m 2 as judged by a contingency table analysis. Insulin sensitivity [clamp-derived glucose metabolic clearance rate (MCR)] varied across a wide range (1,65±25,2 ml × kg ±1 × min ±1 ). Table 1 shows the results of the anthropometric and metabolic examinations. Statistical analysis by ANO- VA did not show significant differences in metabolic characteristics between the genotypes when the whole group was analysed. No relation between the polymorphism and waist, waist to hip ratio and lean body mass could be detected. When only probands with BMI more than 30 kg/m 2 were compared, a statistically significant higher MCR could be observed in probands with the mutation (p = 0.016). This observation held true for MCR related to lean body mass. As body mass index was a regressor of MCR (p < 0.0001), BMI-adjusted MCR and BMI-adjusted MCR related to lean body mass were calculated. Both proved to be different between probands with and without the polymorphism. Significantly lower insulin (p = 0.04) and C peptide (p = 0.025) concentrations in the 120-min values of oral glucose tolerance tests (Fig. 1) were seen in the obese probands having the Ala allele. When analysed by multivariate analysis, which compares the mean values of the whole curves, no statistically significant differences could, however, be seen. To exclude the possibility of bias, all tests were also done on randomly choosen subgroups of the sample. The metabolic characteristics were not influenced by sex (with the exception of body fat content) in the whole group and in the subgroups. Figure 1 shows insulin, C peptide, insulin secretion rates and glucose concentrations of all probands (Fig. 1 left) and the obese subgroup (Fig. 1  right) comparing probands with and without the Ala allele. Fig. 1 . Course of insulin, C peptide, insulin secretion rate (ISR) and glucose during oral glucose tolerance tests in 108 young, healthy first-degree relatives of Type II diabetic patients dependent on presence or absence of the PPARg2 Pro12Ala mutation. Data are means ± standard error of the mean. Longitudinal data of insulin, C peptide and ISR of the OGTT's were compared by multivariate analysis (MANO-VA). On the left side the data of all probands are shown. The diagrams on the right show the values for the probands with a BMI more than 30. * denotes statistically significant differences. S Wildtype Pro/Pro, heterozygous Pro/Ala~homozy-gous Ala/Ala Discussion Type II diabetes develops over a long period from an interplay between insulin resistance, a relative deficiency of insulin secretion capacity and environmental factors. The defects are detectable when the patients are normoglycaemic and in most cases more than a decade before diagnosis of the disease [8] . Insulin resistance as part of the metabolic syndrome and precursor of overt Type II diabetes has a genetic but as yet unknown basis [9] . Disturbances in the regulation of adipogenesis are a well known feature in Type II diabetic patients. One of the key elements in adipocyte development is PPARg2, a transcription factor of the nuclear hormone receptor superfamily with profound influences in adipocyte differentiation, adipogenesis, gene expression and insulin action.
First-degree relatives of Type II diabetic patients have a 40 % risk of developing diabetes [8] in contrast to the overall 4 % risk in the general population. We therefore investigated a group of young, healthy first-degree relatives for the presence of the Pro12-Ala polymorphism and possible influences on body mass index, percentage body fat, insulin sensitivity as measured by euglycaemic hyperinsulinaemic clamp and insulin secretion.
The PPARg2 Pro12Ala polymorphism was present in our group of first-degree relatives of patients with Type II diabetes with a frequency of 26 % heterozygous, around 5 % homozygous probands and an allele frequency of 0.17. An association with BMI could not be seen in our group. From 19 probands with a BMI more than 30 kg/m 2 5 had the mutation and 28 from 89 with BMI less than 30 kg/m 2 (p = 0.65). In general, homozygous (Ala/Ala) probands had lower insulin, C peptide, insulin secretion rate and glucose concentrations in the late phase of OGTT's (Fig. 1, left) , but the differences did not reach statistical siginificance.
In severely obese subjects (BMI > 30 kg/m 2 ) an association of the PPARg2 Pro12Ala polymorphism with increased insulin sensitivity could be shown. Compared to insulin sensitivity in all probands (MCR 7.6 ml × kg ±1 × min ±1 ), the obese group had a lower insulin sensitivity (MCR 4.3 ml × kg ±1 × min ±1 ) but within the obese group, the Pro12Ala mutation was associated with an increase in insulin sensitivity (3.7 vs 5.6 ml × kg ±1 × min
±1
, p = 0.016). Lower insulin concentrations, C peptide and insulin secretion rates could be seen in the OGTT in those probands who bear the Ala allele. Significant differences in C peptide and insulin concentrations were restricted to the 120 min values in the OGTT (p = 0.025 and p = 0.04, repectively). This would suggest an effect of the mutation for the late phase of insulin secretion at least in overweight subjects. As the low number of obese subjects with the Pro12Ala mutation could lead to misleading statistical results, further studies are required to confirm the results and to characterize the functional mode of action of the Pro12Ala mutation in severly obese subjects. Recently, another mutation resulting in the conversion of amino acid proline 115 to glutamine in PPARg2 was described in 4 of 121 obese subjects [10] . This mutation was shown to be functionally relevant, leading to a defect in phosphorylation of serine 114 and to accelerated differentiation of cells into adipocytes and increased accumulation of triglycerides. Moreover, the mean fasting serum insulin concentration was lower (p < 0.05) in the four obese subjects with the mutation than in the rest of the obese subjects, suggesting a lower level of insulin resistance.
Although the functional relevance of the Pro12-Ala mutation in the PPARg2 gene still remains to be determined, it was shown that insulin enhances the transcriptional effect mediated by PPARg2 by activating a ligand-independent domain in the N terminus of the molecule [11] . The Pro12Ala amino acid substitution is situated in the N terminal region which could be the functional basis of our observation that the mutation is associated with increased insulin sensitivity and lower insulin and C peptide concentrations in the late phase of oral glucose tolerance tests in our obese probands.
In summary, these observations show that activating mutations of PPARg2 might exist which lead to obesity associated with less insulin resistance than expected [10] . The Pro12Ala mutation in the PPARg2 molecule could play a part in subgroups of people prone to the development of Type II diabetes. The effects can be detected in well characterised subgroups whereas in unselected groups of people such influences could easily be missed.
